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We, Courtaulds Limited, a British Com- 
pany of 18, Hanover Square, London, W.I., 
(formerly of 16 St, Martin's-le-Grand, in the 
City of London), England, do hereby declare 
the invention, for which we pray that a 
Patent may be granted to us, and the method 
by which it is to be performed, to be particu- 
larly described in and by the following State- 
ment: — 

According to the present invention a poly- 
ester comprises residues of a polybasic carb- 
oxylic acid or carbonic acid and an iso- 
hexide. 

Isohexides are the 1, A — 3, 6 dianhydrides 
of mannitol, sorbitol and iditol and are 
obtainable by the acid-catalysed dehydration 
and cyclisation of the parent hexitols or of 
the intermediate 1, 4 or 3, 6 hexitans. The 
three isohexides are known as isomannide, 
isosorbide and isoiodide after their respective 
parent polyols. 

The polyester may be made by condens- 
ing the isohexide with the polybasic acid or 
a latent polybasic acid, for example a poly- 
acid halide, including phosgene, a polyacid 
anhydride, or a polyester. The conditions of 
the polyesterification may be varied in known 
manner according to the constitution of the 
acid component. For example, when a poly- 
basic acid is condensed with an isohexide, 
the temperature of the reaction is neces- 
sarily greater than when the acid is in the 
form of its chloride. There are, however, a 
number of catalysts which enable the poly- 
esterification reaction to proceed at lower 
temperature and the catalysed reaction pro- 
duces a polyester of better colour. Stannous 
phosphide, antimony trifluoride, antimony 
trioxide and litharge are examples of such 
catalysts. 

The polyesters may be derived from 
dibasic acids or acids of greater functionality. 
Linear polyesters are formed when dibasic 
acids alone are condensed with an isohexide 
with or without another glycol, being pre- 
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sent. Some of the linear polyesters are fibre- 
forming materials, and have a latent ability 
to cross-link in the opening of the cyclic 
ether components of the isohexide structure. 
For example, the condensation of a dibasic 50 
acid chloride with an isohexide in anhydrous 
conditions and with no acid-acceptor present, 
can result in a cross-linked structure. The 
hydrochloric acid evolved during the con- 
densation is an active agent for opening a 55 
cyclic ether group, thereby generating an 
alcohol group and rendering the isohexide 
unit into a triol which forms a cross-linked 
polyester with a dibasic acid. 

A particularly valuable class of polyesters 60 
according to this invention is the poly(iso- 
hexide carbonate) formed by reacting the iso- 
hexide with phosgene with the elimination of 
HC1 or with a carbonate ester, for example, 
diphenyl carbonate, with the elimination of 65 
an alcohol, for example phenol from diphenyl 
carbonate. We have obtained poly(isosorbide 
carbonate) having a melting point of 203°C. 
from the ester interchange " reaction. This 
value is well above the known melting points 70 
of other polycarbonates derived from 
aliphatic alcohols. For example in Volume 1 
of "High Polymers" published bv Inter- 
science Publishers, at Page 31, there is a 
table of properties and melting points of 75 
aliphatic polycarbonates including" poly(tri- 
methylene carbonate) which is an unstable 
glass, poly(tetramethylene) carbonate) a 
powder melting at 59°C, poly(penta- 
methylene carbonate) melting at 44° to 80 
46°C, poly(hexamethylene carbonate) melt- 
ing at 55° to 60°C. and one derived from 
a diol containing an ether group, as does an 
isohexide, namely poly(diethylene carbonate), 
which is liquid at room temperatures. 85 

The value of the isohexides as replace- 
ments for other glycols, in particular ethylene 
glycol, in the manufacture" of linear, fibre- 
forming polyesters, is that some of the poly- 
mers, for example poly(isohexide iso- 90 
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phthalate) may be dry-spun from such vola- 
tile solvents as methylene chloride to form 
filaments of good quality. The polymers 
based on ethylene glycol are not sufficiently 

5 soluble in common volatile solvents for this 
to be practicable. 

In the finished state, the polyester fila- 
ments containing an isohexide have a higher 
water imbibition thain those made from an 

10 analogous polymer in which the isohexide 
is replaced by ethylene glycol. Perhaps as a 
result of this property, or the fibre structure 
which gives rise to it, the isohexide poly- 
ester filaments also show increased affinity 

15 for both slowly and rapidly diffusing dis- 
perse dyes. 

The invention is illustrated by the follow- 
ing Examples in which parts are by 
weight: — 

20 Example 1. 

A mixture of 194 parts of dimethyl tere- 
phthalate, 146 parts of isosorbide and 2 parts 
of litharge was heated in a tube immersed in 
a vapour bath whilst a slow stream of nitro- 



gen was passed through the mixture. The 25 
bath had an initial temperature of 202°G 
which was maintained for 4J hours before 
being raised to and held at 222°C. for 1* 
hours. In the final stage of the polyesterifica- 
tion reaction the temperature was raised to 30 
283°C. and maintained for 1 hour during 
which time the pressure in the tube was 
reduced to 1 mm. Hg. 

The cooled product was a dark brittle 
glass having an inherent viscosity of 0.23 35 
dl/gm. at 0.5 per cent concentration in meta- 
cresol at 25°C. Birefringent fibres could be 
pulled from the melt, the birefringence being 
lost on heating the product to 175°C. and 
complete melting occurring at 196°C. 40 

Example 2. 
A number of other polyesters were made 
by the ester-interchange method employed in 
Example 1. The details are recorded in the 
following Table I in which the acidic com- 45 
ponent, a diester, and isohexide are identi- 
fied, together with the conditions of the reac- 
tion, and the properties of the products. 
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0.66 dl/g. A fibre drawn from the polymer 
melt was found to lose its birefringence at 
190°C, and to melt at 211°C. Multifilament 
yarn could be produced by extruding the 
5 polymer through an electrically heated strip 
jet. The yarn could be cold drawn to give 
a tenacity of 2.8 g/denier and 57 per cent 
extension. 

Example 7. 

10 A poly(isosorbide isophthalate) prepared 
substantially as in Example 6 had an inherent 
viscosity of 0.56 dl/g. A fibre drawn from 
the polymer melt lost its birefringence at 
195°C. and melted at 216°C. The polymer 

15 was melt spun to give multi-filament yarn 
and after stretching at 150°C. had a ten- 
acity of 1.9 g/denier and 54 per cent exten- 
sion. The stretched yarn was shown to have 
an increased affinity for both slow and 

20 rapidly diffusing disperse dyes compared 
with a polyethylene terephthalate yarn. The 
water imbibition of the poly(isosorbide iso- 
phthalate) yarn was found to be 5.5 per cent 
compared with 3.5 per cent for a polyethylene 

25 terephthalate yarn. 

Example 8. 
A poly(isosorbide isophthalate) prepared 
by the method described in Example 6 had 
an inherent viscosity of 0.53 dl/g and a melt 

30 drawn fibre lost birefringence at 175°C to 
180°C. and melted at 215°C. The polymer 
was soluble in a number of common solvents 
including methylene chloride and chloroform 
though in many cases the polymer would 

35 begin to precipitate in spherulitic form after 
an interval of some days. The polymer could 
be successfully dry-spun from freshly pre- 
pared solutions and multi-filament yarn so 
obtained from a methylene chloride solution, 

40 after stretching both in steam and in the 



cold, gave a tenacity of 2.1 g/denier and 
47 per cent extension. 

Example 9. 

A mixture of 73 parts of isosorbide, 101.5 
parts of terephthaloyl chloride and 480 parts 45 
of nitrobenzene was heated in a flask 
equipped with a reflux condenser and nitro- 
gen inlet at the lowest point. As the tempera- 
ture approached 160°C, hydrogen chloride 
was evolved rapidly. Heating was continued 50 
until the nitrobenzene refluxed gently and a 
constant flow of nitrogen was maintained to 
remove the acidic gas. Refluxing was con- 
tinued for 5 hours during which time the 
solution had become increasingly viscous. It 55 
was then cooled, diluted with methylene 
chloride and the poly(isosorbide tere- 
phthalate) precipitated by pouring the solu- 
tion into a large excess of methanol. 

The polyester had an inherent viscosity of 60 
0.57 dl/g and fibres could be drawn from 
the polymer melt. These fibres could be cold 
drawn and melted at 230°C. to 235°C. 

WHAT WE CLAIM IS:— 

1. Polyesters incorporating isohexide 55 
residues. 

2. Linear polyesters incorporating iso- 
hexide residues. 

3. Poly(isohexide carbonate). 

4. Poly(isohexide isophthalate). 70 

5. Polyesters as claimed in any preceding 
claim in which the isohexide is isosorbide. 

6. Fibres of polyesters according to any 
preceding claim. 

7. Fibres made by a process substantially 75 
as described with reference to the Examples. 

J. Y. & G. W. JOHNSON, 
Fur nival House, 
14—18, High Holborn, London, W.C.I. 
Chartered Patent Agents, 
Agents for the Applicants. 



Leammgton Spa: Printed for Her Majesty's Stationery Office, by the Courier Press. 
—1967. Published by The Patent Office, 25 Southampton Buildings, London, W.C.2, 
from which copies may be obtained. 



BEST AVAILABLE COPY 



